This report summarizes the development and application of a thermodynamic modeling capability designed to treat the Envelope C wastes containing organic complexants. A complete description of the model development is presented. In addition, the model was utilized to help gain insight into the chemical processes responsible for the observed levels of Sr, TRU, Fe, and 
major electrolyte components of the waste (i.e. NO 3 , NO 2 , F, …). On an overall basis the added Sr is predicted to precipitate as SrCO 3 (c) and the MnO 4 -reduced by the NO 2 -and precipitated as a Mn oxide. These effects result in only minor changes to the bulk electrolyte chemistry, specifically, decreases in NO 2 -and CO 3 2-
, and increases in NO 3 -and OH -. All of these predictions are in agreement with the experimental observations. The modeling also indicates that the majority of the Sr, TRU's (or Nd(III)/Eu(III) analogs, and Fe are tied up with the organic complexants. The Sr and permanganate additions are not predicted to effect these chelate complexes significantly owing to the precipitation of insoluble Mn oxides or SrCO 3 .
These insoluble phases maintain low dissolved concentrations of Mn and Sr which do not affect any of the other components tied up with the complexants. It appears that the removal of the Fe and TRU's during the treatment process is most likely as a result of adsorption or occlusion on/into the Mn oxides or SrCO 3 , not as direct displacement from the complexants into precipitates. Recommendations are made for further studies that are needed to help resolve these issues.
iv CONTENTS With these factors in mind, this project has been divided into two efforts. The first effort focused on constructing a realistic thermodynamic model for the envelope C waste types.
TABLES
The second effort applied this model to evaluating the Sr/TRU separation process using the An-1.2 107 diluted feed solution treated experimentally by Hallen et al. (2000) . The first effort utilized the Pitzer thermodynamic model since we have recently completed a database for both the inorganic reactions (Felmy and Rai 1999) as well as for the chelate complexes (Felmy et al. 2000) , which is applicable to the trivalent actinides. In addition, we have also developed a thermodynamic model for Sr valid to high base and carbonate concentration 
THERMODYNAMIC MODEL DEVELOPMENT
The aqueous thermodynamic model used in this study is the ion-interaction model of Pitzer and coworkers. (Pitzer, 1973; Pitzer, 1991) This model emphasizes a detailed description of the specific ion interactions in the solution. The effects of the specific ion interactions on the excess solution free energy are contained within the expressions for the activity coefficients. The activity coefficients can be expressed in a virial-type expansion as where m is the molality and γ i DH is a modified Debye-Hückel activity coefficient that is a universal function of ionic strength. β ij (I) and C ijk are specific for each ion interaction and are a function of ionic strength. Pitzer gives explicit phenomenological expressions for the ionic-strength dependence of β. (Pitzer, 1973; Pitzer, 1991) . The third virial coefficient, C, is taken to be independent of ionic strength. The form of β is different for like, unlike, and neutral ion interactions. A detailed description of the exact form of Eq. (1) is given elsewhere. (Felmy and Weare, 1986; Felmy et al. 1989; Harvie et al. 1984) .
In order to establish the model parameters needed for this study we must first define the nature of the chemical system that is to be modeled. In this regard, the chemical composition of the diluted waste feed for tank AN-107 is shown in Table 2 .1. The principal electrolyte components include Na, OH, NO 3 , NO 2 , CO 3 , F, PO 4 , Al(OH) 4 , and SO 4 . This is precisely the chemical system for which we (Felmy et al. 1994a) Table 2 .2). A complete description of these model parameters along with extensive comparisons with the existing osmotic and solubility data is given in Felmy et al. (1994a) . It is worthy of note that the model does not include data for the formation of certain mixed double salts, most importantly mixed Na-F-PO 4 solids that have recently been shown in the tank solutions. Adding the necessary data for such solids remains a task for subsequent years.
With the thermodynamic model for the major electrolytes established the necessary data for the other important "minor" components must be established. The components included in the model include all of those in A complete list of the complexes for which thermodynamic data (including stability constants and ion-interaction parameters) are included is given in Table 2 .2.
Experimentally measured Pitzer ion-interaction parameters were available for only a few of the species listed in Felmy and Rai (1999) . The values for the organic chelate complexes were estimated using the charge analog approach of Felmy et al. (2000) . In this approach the experimentally measured values for Na + with EDTA ). The parameters for Na+ interactions with EuOH(NTA) 3 4-were experimentally determined by Felmy et al. (2000) .
2.4 NaNO3, NaNO2, NaF, Na3PO4•8H2O, Na3PO4•10H20, Na3PO4•12H2O, Na2CO3•2Na2SO4, Na2SO4•CaSO4, CaSO4•2Na2SO4•2H2O, Na2SO4•10H2O, Na2CO3•10H2O, Na2CO3•7H2O, Na2SO4, Na2CO3•H2O 
APPLICATION TO SR/TRU SEPARATIONS FOR AN-107 DILUTED FEED
In this section the thermodynamic model that we have developed is applied to help gain a better understanding of the chemical processes that take place when the AN-107 diluted feed is subjected to permanganate and Sr additions. The experimental studies are described in Hallen et al. 2000 . Briefly, the diluted AN-107 feed (dissolved component concentrations estimated in The model simulations were initiated using the dissolved aqueous concentrations shown in Table 2 .1 and then the permanganate and Sr introduced to identify changes in equilibria. The results will be described for the major ions followed by the results for Sr, Nd/Eu (the trivalent actinide analogs), Fe, Mn, and Cr.
Major Electrolyte Components
The 
This reaction also results in generation of hydroxide, which prevents any gibbsite precipitation. The removal of the Mn and the decrease in nitrite agree with the experimental observations. The details on the Mn changes are described below.
Sr
In the solutions before treatment the Sr appears to be tied up with the organic complexants (e.g. SrEDTA
2-
). Although the carbonate concentration is very high the aqueous carbonate complexes (Table 2. 2) are not strong enough to account for the initial observed 
Nd/Eu
Nd(III) and Eu(III) are analogs for the trivalent actinides Am(III) and Cm(III). Recent experimental data (Felmy et al. 2000) have shown that in the presence of organic complexants and high base concentration that mixed metal-chelate-hydroxide complexes (i.e. EuOHEDTA 
Fe
The modeling results for Fe in the initial diluted feed indicate that the iron should be present as a soluble Fe(III)-hydroxyl-gluconate complex (designated Fe(OH)H 2 G 2-in Table 2 .2). 
Mn
The This precipitation also prevents the Mn(II) from competing effectively with the chelate complexes. So even under this extreme scenario it appears that the additional Mn does not serve as an effective competitor for displacing the other radionuclides/metals from chelate complexes.
Cr
Cr was initially added to the simulant as sodium chromate. No precipitation equilibria were identified.
4.1
CONCLUSIONS AND RECOMMENDATIONS
The most significant conclusion from this study that still requires resolution is that the TRU, Fe, and Cr removal is most likely as a result of adsorption to the precipitated Mn oxides or SrCO 3 (c). The mechanism does not appear to involve direct precipitation of hydroxide phases. Hallen et al. (2000) . Nevertheless, significant gaps remain in the experimental and thermodynamic data for application of these models. These data gaps include:
undetermined or estimated ion interaction parameters, lack of ternary complexes for many of the metal-chelate-ligand complexes, and lack of information on partially decomposed chelates.
Further experimental data with simplier waste simulants would also be extremely helpful in establishing the chemical mechanisms responsible for the observed decontamination factors.
5.1
